
US010687009B2 

( 12 ) United States Patent 
Kobayashi 

( 10 ) Patent No .: US 10,687,009 B2 
( 45 ) Date of Patent : Jun . 16 , 2020 

( 54 ) IMAGING DEVICE , IMAGING SYSTEM , 
AND MOVING BODY 

( 71 ) Applicant : CANON KABUSHIKI KAISHA , 
Tokyo ( JP ) 

27/146 ; HO1L 27/14643 ; HO1L 27/14609 ; 
HO1L 27/14636 ; HO1L 27/14612 ; HOIL 

27/14645 ; HOIL 27/14621 ; HOIL 
27/14627 ; HO3M 1/56 ; GO2B 3/0056 ; 
B6OR 1/00 ; G01S 1/00 ; G01S 11/12 ; 

G01C 3/08 
USPC 348/308 
See application file for complete search history . 

( 72 ) Inventor : Hideo Kobayashi , Tokyo ( JP ) 

( 73 ) Assignee : CANON KABUSHIKI KAISHA , 
Tokyo ( JP ) ( 56 ) References Cited 

( * ) Notice : U.S. PATENT DOCUMENTS Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 0 days . 10,021,335 B2 * 

10,075,155 B2 * 
10,113,870 B2 * 

2012/0268619 Al 
2013/0215302 A1 * 

7/2018 Niwa 
9/2018 Kikuchi 
10/2018 McGarry 
10/2012 Uchida 
8/2013 Ueno 

HO4N 5/37455 
HO3M 1/50 

G01C 11 025 ( 21 ) Appl . No .: 16 / 267,178 

( 22 ) Filed : Feb. 4 , 2019 
2014/0313387 A1 * 10/2014 Vogelsang 

HO1L 27/14601 
348/300 

HO4N 5/35527 
348/308 ( 65 ) Prior Publication Data 

( Continued ) US 2019/0253658 A1 Aug. 15 , 2019 
FOREIGN PATENT DOCUMENTS ( 30 ) Foreign Application Priority Data 

Feb. 9 , 2018 ( JP ) 2018-022402 
JP 
JP 

2012-222632 A 11/2012 
2016-92662 A 5/2016 

( Continued ) 
Primary Examiner Pritham D Prabhakher 
( 74 ) Attorney , Agent , or Firm Canon USA , Inc. , IP 
Division 

( 57 ) ABSTRACT 

( 51 ) Int . Cl . 
H04N 5/3745 ( 2011.01 ) 
HOIL 27/146 ( 2006.01 ) 
H04N 5/369 ( 2011.01 ) 
H04N 5/378 ( 2011.01 ) 

( 52 ) U.S. CI . 
CPC H04N 5/37455 ( 2013.01 ) ; HOIL 27/146 

( 2013.01 ) ; HOIL 27/1461 ( 2013.01 ) ; HOIL 
27/14634 ( 2013.01 ) ; H04N 5/378 ( 2013.01 ) ; 

H04N 5/379 ( 2018.08 ) 
( 58 ) Field of Classification Search 

CPC .... HO4N 5/37455 ; H04N 5/379 ; HO4N 5/378 ; 
HO4N 5/3575 ; H04N 5/365 ; HO4N 

5/3653 ; H04N 5/3742 ; HO4N 5/3745 ; 
HO1L 27/1461 ; HO1L 27/14634 ; HOIL 

In an imaging device , a differential stage includes an input 
transistor having an input node connected to a floating 
diffusion portion , a first control line and a second control 
line are located in a plurality of sets , the first control line is 
connected to connection portions of some sets of the plu 
rality of sets , and the second control line is connected to 
connection portions of the other sets of the plurality of sets . 

7 Claims , 22 Drawing Sheets 

2 

-105 105 

200 
25 

-210 
Cout MEMORY 

30 

RES1_2 --750 
140 TX TX OFG 

RAMP -120 
130 745 

180 
-100 

wambia 



US 10,687,009 B2 
Page 2 

( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

2015/0281614 A1 * 10/2015 Yoshida 

2016/0010990 A1 * 1/2016 McGarry 

H04N 5/3745 
348/308 

HO3M 7/3059 
348/46 

H04N 5/378 

HO1L 27/14636 

2016/0301886 A1 * 10/2016 Muto 
2016/0360138 A1 12/2016 Meynants 
2017/0201702 A1 * 7/2017 Niwa 
2017/0257590 A1 9/2017 Kato 
2017/0272678 A1 9/2017 Sakakibara 
2018/0013412 A1 * 1/2018 Kikuchi 
2018/0103216 A1 * 4/2018 Sakakibara 
2018/0152650 A1 * 5/2018 Sakakibara 

HO4N 5/378 
HO4N 5/378 
H04N 5/359 
HO4N 5/379 

FOREIGN PATENT DOCUMENTS 

WO 
WO 

2016/009832 A1 
2016/136448 A1 

1/2016 
9/2016 

* cited by examiner 



U.S. Patent Jun . 16 , 2020 Sheet 1 of 22 US 10,687,009 B2 

FIG.1 

3 

2 



FIG.2 

U.S. Patent 

C110 

100 

wo 

RES1_2 

Jun . 16 , 2020 

TX2 RES2 1 RES2 2 

SCANNING 

Sheet 2 of 22 

RES3 1 RES3 2 RES4 2 

US 10,687,009 B2 



FIG.3 

U.S. Patent 

105 

105 

40 

Jun . 16 , 2020 

200 

25 -210 Cout MEMORY PORTION 

MEMORY PORTION 

30 

RES11 RES1_2 

Sheet 3 of 22 

-150 140 TX 

OFG 

OFG 

RAMP 

RAMP - C 

-120 130 

145 

145 

170 180 

160 : 

100 

US 10,687,009 B2 



U.S. Patent 

FIG.4 
- . 

> 

OFG1 OFG2 OFG3 OFG4 RES1 1,12 RES2 1,2_2 RES3 1,3_2 RES4 1,42 

Jun . 16 , 2020 

2 2 

TX2 

Sheet 4 of 22 

TX4 

> 

> > 2 

t19 

120 

121 

19 

ti 

114 115 116 117 

118 

US 10,687,009 B2 



FIG.5 

U.S. Patent 

OFG2 

# 1 

5 

OFG4 RES1_1,1_2 RES2_1,2_2 RES3 1,3_2 RES4_1,4_2 

Jun . 16 , 2020 

5 

Sheet 5 of 22 

RAMP 
t1t2 

t18 

t9 110 / 112 | 014 

115 

t13 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 6 of 22 US 10,687,009 B2 

FIG.6 

TX1 RES1 RESB1 RES2 RESB3 TX4 OFG4 RES4 
110 VERTICAL SCANNING 



FIG.7 

U.S. Patent 

2 

105 

105 

40 

40 

- 25 -210 Cout 

Jun . 16 , 2020 

200 

MEMORY PORTION 

MEMORY PORTION 

30 

1 

RES1 RESB1 

Sheet 7 of 22 

rely 

270 

+ 

ET ?? 

RAMP 

RAMP 

TV145 st 

120 130 

T_145 

170 180 

160 

-- 100 

100 

wwwwwwwwwwwwwwwwwww 

wwwwwwwwwwwwwwwwwwwwwwwww 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 8 of 22 US 10,687,009 B2 

FIG.8 
wwwwwwwww 

FDINC1 OFG2 RES2 FDINC2 OFG3 RES3 FDINC3 RES4 

VERTICAL SCANNING 



FIG.9 

U.S. Patent 

105 

105 

-25 210 

200-7 

Jun . 16 , 2020 

Cout 

MEMORY 

PORTION 

30 

150 

RES1 

Sheet 9 of 22 

280 

FDINC1 

140 TX 

OFG 

OFG 

4 t 

RAMPO 

RAMP 
120 

-145 130 

IV 145 

T145 

170 180 

160 

100 

wines 
100 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 10 of 22 US 10,687,009 B2 

FIG.10 

30 -25 

40 

2002 -210 

MEMORY 
PORTION 

150 

290 

280 TX 140 OFG 

ET 
120 120 

170 
e porte 

130 
180 



U.S. Patent Jun . 16 , 2020 Sheet 11 of 22 US 10,687,009 B2 

FIG.11 

30 25 

200 -210 

150 
290 

-280 TX 140 OFG 

120 
170 

160 
7 130 

180 145 



U.S. Patent Jun . 16 , 2020 Sheet 12 of 22 US 10,687,009 B2 

FIG.12 

1 

30 25 

200 210 

PORTION 

150 

280 

TX 140 OFG 

- LT RAMP 
120 

170 
777 

130 
180 



U.S. Patent 

FIG.13 2 

- 25 -210 

40 

25 

40 

200 

H 

Jun . 16 , 2020 

MEMORY PORTION 

MEMORY PORTION 

30 

150 

RES1 

280 

Sheet 13 of 22 

1 

140 TX 

OFG 

OFG 
TX I 

A 

RAMP 

RAMP 
120 
I 130 

420 

170 

145 

145 

160 

5 

********************************************************************************************** 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

wwwwwwwwwwwwwwwwww 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 14 of 22 US 10,687,009 B2 

wo 

FIG.14 001 

RES1 TX1_2 ZSS RES4 TX4 2 

C110 SCANNING 



FIG.15 

U.S. Patent 

2 

105 

105 

25 

25 

40 

210 

Jun . 16 , 2020 

200 

MEMORY 

MEMORY 

30 

30 

150 

JE 

Sheet 15 of 22 

TX1 1 TX1 2 

140 

OFG 

A 

H 

RAMP 

6-120 -130 

170 

TV1457 

145 

160 
1 

s 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 16 of 22 US 10,687,009 B2 

FIG.16 
RES1 OFG1 TXB1 TX2 OFG4 TXB4 

110 VERTICAL SCANNING 



FIG.17 

U.S. Patent 

25 

.. 

25 

40 

210 

Jun . 16 , 2020 

200 

MEMORY 

PORTION 

30 

30 

150 

Sheet 17 of 22 

OFG 

OFG 

270 

1 

RAMP 

RAMP 
120 -130 

170 

140 

160 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 18 of 22 US 10,687,009 B2 

FIG.18 

300 

RES1 RES2 RES3 
wwwwwwww 

OFG1 

OFG2 

VERTICAL 
SCANNING 
CIRCUIT TX3 

OFG3 
U 

TX4 

para 



FIG.19 

U.S. Patent 

500 

510 

506 
5020 

504 

MEMORY 

2000 

5080 

512 

Jun . 16 , 2020 

-1100 

SIGNAL PROCESSING 

EXTERNAL 

520 

COMPUTER 
Sheet 19 of 22 

GENERATION 

-516 

CONTROL RECORDING 
514 

US 10,687,009 B2 



U.S. Patent Jun . 16 , 2020 Sheet 20 of 22 US 10,687,009 B2 

FIG.20A 
MWWWWMWMMW YMMY M M YAN M M M WWW ME 

# GE L $ 
5 

2 n ** 2 21 + 

701 
w 

714 702 -715 
IMAGE IMAGING PREPROCESSING DEVICE 

3 7031 
-704 3 3 Laurent CHOWCW . 

***** PROCESSING UNIT 
* 

. MEMORY 705 
? 3 

Good IMAGING 
DEVICE PREPROCESSING 706 CONTROL 

UNIT OPTICAL DISTANCE 
MEASUREMENT UNT UNIT 

$ 

** 714 702 707 d 
3 
$ 
$ 

PARALLAX 
CALCULATION UNIT -1 # 

& 708 : OBJECT 
IDENTIFICATION UNIT 

. 
R 

$ 
3 
3 

$ 
$ 
& 

ABNORMALITY 
DETECTION UNIT *** 

709 . yo 

3 
* + 

G A w W X Y Y Y W MY Y te 20 MM Y WY NY + + + + ++ + + 

VEHICLE SENSORS 
SPEED AND ACCELERATION SENSOR 

ANGULAR VELOCITY SENSOR 

STEERING ANGLE SENSOR 

RANGING RADAR 

PRESSURE SENSOR 

DRIVING SUPPORT CONTROL UNIT 
COLLISION DETERMINATION UNIT -720 . 

AIRBAG SAFETY DEVICE 
CONTROL UNIT 

THROTTLE ENGINE CONTROL UNIT 

2 

BRAKES BRAKING CONTROL UNIT 

9 

STEERING STEERING CONTROL UNIT 
pe 

TRANSMISSION DRIVE CONTROL UNIT 

7120 WARNING DEVICE 



U.S. Patent Jun . 16 , 2020 Sheet 21 of 22 US 10,687,009 B2 9 

FIG.20B 

700 

702 702 

TOP VIEW 

702 702 703 700 

712 

BACK VIEW 



U.S. Patent Jun . 16 , 2020 Sheet 22 of 22 US 10,687,009 B2 

FIG.21 

-S810 
TRANSMIT SETTINGS 
FOR OPERATION OF 
IMAGING DEVICE 

S820 
ACQUIRE SIGNALS FROM 
IMAGE ACQUISITION 

PIXELS IN SCANNING ROW 

S830 
ACQUIRE OUTPUT VALUE 
FROM FAILURE DETECTION 
PIXEL IN SCANNING ROW 

S840 

( NOT COINCIDENT ) 
OUTPUT VALUE OF 

FAILURE DETECTION PIXEL 
AND ACTUAL OUTPUT VALUE 
THEREOF COINCIDENT WITH 

EACH OTHER ? 

YES ( COINCIDENT ) S850 
DETERMINE THAT IMAGE 

S870 
DETERMINE THAT IMAGE 
CAPTURING OPERATION 
HAS ABNORMALITY 
AND ISSUE WARNING 

S860 S880 

STOP IMAGING DEVICE SIGNALS IN SCANNING 



1 

5 

10 

20 

US 10,687,009 B2 
2 

IMAGING DEVICE , IMAGING SYSTEM , FIG . 5 is a timing chart illustrating an operation of an 
AND MOVING BODY imaging device according to a second exemplary embodi 

ment . 
BACKGROUND OF THE INVENTION FIG . 6 is a circuit diagram of an imaging device according 

to a third exemplary embodiment . 
Field of the Invention FIG . 7 is a circuit diagram of the imaging device accord 

ing to the third exemplary embodiment . 
Aspects of the present invention generally relate to an FIG . 8 is a circuit diagram of an imaging device according 

imaging device , an imaging system , and a moving body . to a fourth exemplary embodiment . 
FIG . 9 is a circuit diagram of the imaging device accord 

Description of the Related Art ing to the fourth exemplary embodiment . 
FIG . 10 is a circuit diagram of the imaging device 

There is known an imaging device including a photoelec according to the fourth exemplary embodiment . 
tric conversion portion and an AD conversion portion , which FIG . 11 is a circuit diagram of the imaging device 
performs analog - to - digital ( AD ) conversion of a signal 15 according to the fourth exemplary embodiment . 

FIG . 12 is a circuit diagram of an imaging device accord output from the photoelectric conversion portion . ing to a fifth exemplary embodiment . As an example of such an imaging device , International FIG . 13 is a circuit diagram of the imaging device Publication No. 2016/009832 discusses an imaging device according to the fifth exemplary embodiment . including a plurality of sets each including a photoelectric FIG . 14 is a circuit diagram of an imaging device accord conversion portion , a floating diffusion portion , and a dif ing to a sixth exemplary embodiment . 
ferential stage . In the imaging device discussed therein , a FIG . 15 is a circuit diagram of the imaging device 
transistor having an input node connected to the floating according to the sixth exemplary embodiment . 
diffusion portion operates as one input transistor of a plu FIG . 16 is a circuit diagram of an imaging device accord 
rality of input transistors included in the differential stage . A 25 ing to a seventh exemplary embodiment . 
ramp signal is input to the other input transistor of the FIG . 17 is a circuit diagram of the imaging device 
plurality of input transistors . The differential stage operates according to the seventh exemplary embodiment . 
as a comparator which outputs a signal indicating a result FIG . 18 is a circuit diagram of the imaging device 
obtained by comparing the electric potential of the input according to the seventh exemplary embodiment . 
node of the one input transistor with that of the input node 30 FIG . 19 is a block diagram of an imaging system accord 
of the other transistor . An output from the differential stage ing to an eighth exemplary embodiment . 
operating as such a comparator is used to generate a digital FIGS . 20A and 20B are block diagrams of an imaging 
signal corresponding to electric charges accumulated by the system and a moving body according to a ninth exemplary 
photoelectric conversion portion . embodiment . 

FIG . 21 is a diagram illustrating a signal processing flow 
SUMMARY OF THE INVENTION of the imaging system according to the ninth exemplary 

embodiment . 
According to an aspect of the present invention , an DESCRIPTION OF THE EMBODIMENTS imaging device includes a plurality of sets each including a 

photoelectric conversion portion , a floating diffusion portion In the imaging device discussed in International Publica connected to the photoelectric conversion portion , and a tion No. 2016/009832 , a kickback noise , which is generated differential stage , wherein the differential stage includes an when the output of the differential stage changes , is not 
input transistor having an input node connected to the taken into consideration . When a kickback noise generated 
floating diffusion portion , wherein each of the plurality of 45 at the differential stage of a set is transmitted to the differ 
sets includes a connection portion connected to the input ential stage of another set , the electric potential of an input 
node and a predetermined node , wherein a first control line transistor of the differential stage of such another set under 
and a second control line are located in the plurality of sets , goes a change , so that the accuracy in comparison decreases . 
wherein the first control line is connected to the connection Therefore , there is an issue in which the accuracy of AD 
portions of some sets of the plurality of sets , and wherein the 50 conversion decreases . 
second control line is connected to the connection portions The technique described below relates to an imaging 
of the other sets of the plurality of sets . device in which a decrease in AD conversion accuracy is 

Further features of the present invention will become prevented or reduced by preventing or reducing a kickback 
apparent from the following description of exemplary noise generated at the differential stage of a set from being 
embodiments with reference to the attached drawings . 55 transmitted to the differential stage of another set . 

Various exemplary embodiments , features , and aspects of 
BRIEF DESCRIPTION OF THE DRAWINGS the invention will be described in detail below with refer 

ence to the drawings . 
FIG . 1 is a schematic diagram of an imaging device FIG . 1 is a diagram illustrating a first chip 1 and a second 

according to a first exemplary embodiment . 60 chip 2 , which are included in an imaging device according 
FIG . 2 is a block diagram of the imaging device according to a first exemplary embodiment . In the first chip 1 , pixels 

to the first exemplary embodiment . 100 are arranged over a plurality of rows and a plurality of 
FIG . 3 is a circuit diagram of the imaging device accord columns . Moreover , in the second chip 2 , signal processing 

ing to the first exemplary embodiment . circuits 105 are arranged over a plurality of rows and a 
FIG . 4 is a timing chart illustrating an operation of the 65 plurality of columns . Furthermore , while , FIG . 1 , only 

imaging device according to the first exemplary embodi illustrates the pixels 100 and the signal processing circuits 
ment . 105 , it will be appreciated that the chips may also include 

35 

40 
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other components such as , for example , control lines used to A differential stage 25 includes the current mirror circuit 
control the pixels 100 and signal lines used to transfer portion 30 , the input transistor 160 , the input transistor 170 , 
signals that are based on electric charges accumulated by the and the current source 180. The differential stage 25 operates 
pixels 100 may be arranged in the first chip 1 and the second as a comparator which compares the electric potential of the 
chip 2 as appropriate . Moreover , driving circuits , such as a 5 input node of the input transistor 160 with the electric 
vertical scanning circuit and a timing generator , may be potential of the input node of the input transistor 170 . 
arranged in the first chip 1 or the second chip 2 as appro Moreover , the differential stage 25 outputs , to the memory 
priate . portion 40 , a signal Cout , which is a comparison result signal 

FIG . 2 is a block diagram illustrating a configuration of indicating a result of comparing the electric potential of the 
the imaging device according to the first exemplary embodi- 10 input node of the input transistor 160 with the electric potential of the input node of the input transistor 170. A ment . differential pair is formed by the input transistor 160 and the In the imaging device according to the first exemplary input transistor 170. The differential stage 25 and the embodiment , pixels 100 are arranged over a plurality of memory portion 40 serve as an AD conversion portion rows and a plurality of columns . In FIG . 2 , a vertical 15 which obtains a digital signal corresponding to the electric scanning circuit 110 is also illustrated . The pixels 100 are potential of the floating diffusion portion 145 . provided in the first chip 1. The vertical scanning circuit 110 FIG . 4 is a timing chart illustrating an operation of the 
is provided in the second chip 2. The vertical scanning imaging device illustrated in FIG . 3. Signals illustrated in 
circuit 110 outputs signals Txn , OFGn , RESn_1 , and FIG . 2 correspond to the signals illustrated in FIG . 2 and 
RESn_2 to the pixels 100. Letter “ n ” used in reference 20 FIG . 3. The operation illustrated in FIG . 4 is a rolling shutter 
characters of these signals indicates the row of the pixel 100 . operation , in which the start of an electric charge accumu 
For example , in the case of a signal TX1 , since n is equal to lation period for the pixels 100 is sequentially performed in 
1 , this signal is a signal TX which is output to the pixels 100 each row . 
in the first row . The signal RESn_1 is output to the pixels The vertical scanning circuit 110 sets the signal OFG1 at 
100 in the odd - numbered columns , and the signal RESn_2 25 high level at time t1 and then sets the signal OFG1 at low 
is output to the pixels 100 in the even - numbered columns . In level . This causes the photoelectric conversion portions 130 
other words , a control line used for transferring the signal of the pixels 100 in the first row to start accumulation of 
RESn_1 and a control line used for transferring the signal electric charges that are based on incident light at time t2 . 
RESn_2 are provided as a plurality of control lines with After that , similarly , the vertical scanning circuit 110 
respect to the pixels 100 in a plurality of columns in one row . 30 sequentially performs an operation to set the signal OFGn at 
Then , some pixels 100 of the pixels 100 in the plurality of high level and then set the signal OFGn at low level in each 
columns are connected to the control line used for transfer 
ring the signal RESn_1 , and the other pixels 100 of the The vertical scanning circuit 110 sets the signals RES1_1 
pixels 100 in the plurality of columns are connected to the and RES1_2 at high level at time t9 and then sets the signals 
control line used for transferring the signal RESn_2 . 35 RES1_1 and RES1_2 at low level . This causes the electric 

FIG . 3 is a circuit diagram illustrating circuits of the charges of the floating diffusion portion 145 to be reset . 
pixels 100 illustrated in FIG . 2 and circuits of the signal The ramp signal generation unit ( not illustrated ) starts 
processing circuits 105 of the second chip 2 . variation of the electric potential of the ramp signal RAMP 

The pixel 100 includes a transistor 120 , a photoelectric at time t12 . Moreover , a counter circuit ( not illustrated ) 
conversion portion 130 , and a transistor 140. Moreover , the 40 starts counting of a clock signal at time t12 . 
pixel 100 further includes a floating diffusion portion 145 , a After that , when the magnitude relationship between the 
transistor 150 , an input transistor 160 , an input transistor electric potential of the input node of the input transistor 170 
170 , and a current source 180 . and the electric potential of the input node of the input 

A ramp signal RAMP is input from a ramp signal gen transistor 160 is reversed , the signal level of the signal Cout 
eration unit ( not illustrated ) to the input transistor 170. The 45 changes . In response to such a change of the signal level of 
ramp signal RAMP is a signal the electric potential of which the signal Cout , the memory portion 40 retains a count signal 
monotonously changes with time . The term “ monotonously corresponding to timing at which the signal level of the 
changing ” as used herein means that the direction of a signal Cout has changed . This results in obtaining a digital 
change of the electric potential is maintained to be the same signal that is based on the electric potential of the floating 
direction during a period from the start of the change to the 50 diffusion portion 145 resetting of which has been canceled . 
end thereof . Even in a case where , during a period from the This digital signal is referred to as “ noise data ” . The noise 
start of the change to the end thereof , there is a change in the data has a noise component which principally involves an 
rate of change in electrical potential per unit time of the operation variation for each AD conversion portion . 
ramp signal , this also falls within the range of monotonously Furthermore , a change of the signal level of the signal 
changing of electric potential . 55 Cout brings about a kickback noise which is transmitted to 

Each of the transistors 120 , 140 , and 150 and the input the control line used for transferring the signal RES1_1 via 
transistors 160 and 170 is an N - type metal - oxide semicon a parasitic capacitance between the main node of the tran 
ductor ( MOS ) transistor . sistor 150 and the input node of the transistor 150 . 

The signal processing circuits 105 includes a current Suppose that the transistors 150 of the pixels 100 in all of 
mirror circuit portion 30. The current mirror circuit portion 60 the columns arranged in one row are connected to one 
30 includes transistors 200 and 210. Moreover , the signal control line used for transferring the signal RES . In this case , 
processing circuits 105 further includes a memory portion a kickback noise caused by a change of the signal level of 
40. A count signal obtained by counting a clock signal is the signal Cout generated at a differential stage 25 is 
input from a counter circuit ( not illustrated ) to the memory transmitted to the input nodes of the transistors 150 of the 
portion 40 . 65 pixels 100 in all of the columns arranged in one row . Such 

Each of the transistors 200 and 210 is a P - type MOS a variation of the electric potential of the input node of the 
transistor . transistor 150 varies the electric potential of the floating 
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diffusion portion 145 via a parasitic capacitance between the signal that is based on the electric charges which the 
input node of the transistor 150 and the main node of the photoelectric conversion portion 130 has accumulated based 
transistor 150. As a result , in the differential stage 25 , which on incident light . This digital signal is referred to as “ light 
has been affected by the kickback noise , the signal level of data ” . 
the signal Cout changes at timing that is different from 5 Even when this light data is generated , a kickback noise 
timing at which it originally changes . Accordingly , the AD occurs as with the time of generation of the above - men 
conversion accuracy of the differential stage 25 affected by tioned noise data . However , in the imaging device according 
a kickback noise decreases . to the first exemplary embodiment , as illustrated in FIG . 3 , 
On the other hand , in the imaging device according to the the input nodes of the transistors 150 of pixels 100 in some 

first exemplary embodiment , as illustrated in FIG . 3 , the 10 columns of a plurality of columns in one row are connected 
input nodes of the transistors 150 of pixels 100 in some to a control line used for transferring the signal RES1_1 . 
columns of a plurality of columns in one row are connected Then , the input nodes of the transistors 150 of pixels 100 in 
to a control line used for transferring the signal RES1_1 . the other columns of the plurality of columns are connected 
Then , the input nodes of the transistors 150 of pixels 100 in to a control line used for transferring the signal RES1_2 , 
the other columns of the plurality of columns are connected 15 which is a control line different from the control line used for 
to a control line used for transferring the signal RES1_2 , transferring the signal RES1_1 . Accordingly , the kickback 
which is a control line different from the control line used for noise generated in the signal RES1_1 is unlikely to be 
transferring the signal RES1_1 . Accordingly , the kickback transferred to the pixels 100 having the transistors 150 
noise generated in the signal RES1_1 is unlikely to be connected to the signal RES1_2 . Therefore , the imaging 
transferred to the pixels 100 having the transistors 150 20 device according to the first exemplary embodiment is able 
connected to the signal RES1_2 . Therefore , the imaging to prevent or reduce a decrease in AD conversion accuracy 
device according to the first exemplary embodiment is able caused by a kickback noise . 
to prevent or reduce a decrease in AD conversion accuracy Subsequently , with respect to the pixels 100 in the next 
caused by a kickback noise . row , operations for obtaining noise data and light data are 

In the imaging device according to the first exemplary 25 performed in a similar way for each row . 
embodiment , the transistor 150 is a connection portion As described above , in the imaging device according to 
which connects the input node of the input transistor 160 and the first exemplary embodiment , with respect to a plurality 
a predetermined node . The predetermined node referred to in of sets arranged in a plurality of columns in one row , a 
the first exemplary embodiment is a node which connects control line used for transferring the signal RES1_1 and a 
the main node of the input transistor 160 and the current 30 control line used for transferring the signal RES1_2 are 
mirror circuit portion 30. The photoelectric conversion por arranged as a plurality of control lines . Then , the control line 
tion 130 , the floating diffusion portion 145 , the differential used for transferring the signal RES1_1 is connected to 
stage 25 , and the transistor 150 ( connection portion ) are connection portions ( transistors 150 ) of some sets of the 
assumed to be a set . In this case , it can be said that a plurality plurality of sets . Then , the control line used for transferring 
of sets is arranged over a plurality of columns in one row . 35 the signal RES1_2 is connected to connection portions 
With respect to a plurality of sets arranged in a plurality of ( transistors 150 ) of the other sets of the plurality of sets . This 
columns in one row , the control line used for transferring the enables preventing or reducing a kickback noise caused by 
signal RES1_1 and the control line used for transferring the a change of the comparison result signal ( signal Cout ) output 
signal RES1_2 are arranged as a plurality of control lines . from the differential stage 25 of a set from being transmitted 
Then , the control line used for transferring the signal 40 to the differential stage 25 of another set . With this , the 
RES1_1 is connected to connection portions ( transistors imaging device according to the first exemplary embodiment 
150 ) of some sets of the plurality of sets . Then , the control has an advantageous effect of preventing or reducing a 
line used for transferring the signal RES1_2 is connected to decrease in AD conversion accuracy caused by the kickback 
connection portions ( transistors 150 ) of the other sets of the noise . 
plurality of sets . Moreover , suppose that the signal levels of the compari 
Next , the vertical scanning circuit 110 sets the signal TX1 son result signals ( signals Cout ) output from the differential 

at high level at time t14 and then sets signal TX1 at low stages 25 in a plurality of columns have changed at the same 
level . With this , electric charges accumulated by the photo time . In the first exemplary embodiment , the control line 
electric conversion portion 130 during a period from time t2 used for transferring the signal RES1_1 and the control line 
to time t15 are transferred from the photoelectric conversion 50 used for transferring the signal RES1_2 are provided . There 
portion 130 to the floating diffusion portion 145 via the fore , the number of differential stages 25 connected to one 
transistor 140. With this , the floating diffusion portion 145 control line is less than in a case where the differential stages 
becomes at an electric potential corresponding to the electric 25 in all of the plurality of columns in one row are connected 
charges which the photoelectric conversion portion 130 has to one control line used for transferring the signal RES . In 
accumulated based on incident light . 55 the first exemplary embodiment , the number of differential 

After that , the ramp signal generation unit ( not illustrated ) stages 25 connected to one control line becomes 1/2 as 
starts variation of the electric potential of the ramp signal compared with a case where the differential stages 25 in all 
RAMP time t16 . Moreover , the counter circuit ( not of the plurality of columns in one row are connected to one 
illustrated ) starts counting of a clock signal at time t16 . control line used for transferring the signal RES . Therefore , 

After that , when the magnitude relationship between the 60 a kickback noise which is transmitted to a control line used 
electric potential of the input node of the input transistor 170 for transferring the signal RES1_1 becomes a kickback 
and the electric potential of the input node of the input noise output from the differential stages 25 in columns of 1/2 
transistor 160 is reversed , the signal level of the signal Cout of the plurality of columns in one row . A kickback noise 
changes . In response to such a change of the signal level of which is transmitted to a control line used for transferring 
the signal Cout , the memory portion 40 retains a count signal 65 the signal RES1_2 also becomes a kickback noise output 
corresponding to timing at which the signal level of the from the differential stages 25 in columns of 1/2 of the 
signal Cout has changed . This results in obtaining a digital plurality of columns in one row . In this way , a kickback 
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noise which is transmitted to each of the control lines used the photoelectric conversion portions 130 of the pixels 100 
for transferring the signal RES1_1 and the control lines used in the plurality of columns in the plurality of rows to 
for transferring the signal RES1_2 becomes smaller than in collectively start accumulation of electric charges that are 
a case where the differential stages 25 in all of the plurality based on incident light at time t2 . 
of columns in one row are connected to single control line 5 At time t9 , the vertical scanning circuit 110 sets signals for transferring the signal RES . RES1_1 to RES4_1 and RES1_2 to RES4_2 , which are 

Furthermore , in the first exemplary embodiment , an imag supplied to the pixels 100 in the plurality of columns in the ing device in which the vertical scanning circuit 110 is plurality of rows , at high level and then sets those signals at provided in the second chip 2 has been described as an low level . This performs resetting of electric charges of the example . The first exemplary embodiment is not limited to 10 floating diffusion portions 145 of the pixels 100 in the this example , but the vertical scanning circuit 110 can be 
provided in the first chip 1 . plurality of columns in the plurality of rows . 

After that , the differential stage 25 and the memory In the first exemplary embodiment , an imaging device in 
which a stacked - type imaging device in which the first chip portion 40 , which serve as an AD conversion portion , 
1 and the second chip 2 are stacked in layers has been 15 perform AD conversion for obtaining noise data in the same 
described as an example . The first exemplary embodiment is manner as that in the imaging device of the first exemplary 
not limited to this example . For example , an imaging device embodiment . In the above first exemplary embodiment , 
in which the pixels 100 and the signal processing circuits during a period in which the AD conversion portions of the 
105 are provided in one chip can be employed . Even in this pixels 100 in a row are performing AD conversion , the AD 
case , as described in the first exemplary embodiment , with 20 conversion portions of the pixels 100 in another row are not 
respect to a plurality of sets arranged in a plurality of performing AD conversion . In the second exemplary 
columns in one row , a control line used for transferring the embodiment , the AD conversion portions of the pixels 100 
signal RES1_1 and a control line used for transferring the in the plurality of columns in the plurality of rows perform 
signal RES1_2 are arranged as a plurality of control lines . AD conversion in parallel . Typically , starting points and 
Then , the control line used for transferring the signal 25 ending points of AD conversion performed by the AD 
RES1_1 is connected to connection portions ( transistors conversion portions of the pixels 100 in the plurality of 
150 ) of some sets of the plurality of sets . Then , the control columns in the plurality of rows are with the same as each 
line used for transferring the signal RES1_2 can be con other . Furthermore , in the context of the present specifica 
nected to connection portions ( transistors 150 ) of the other tion , the starting point of AD conversion is timing at which sets of the plurality of sets . the ramp signal generation unit ( not illustrated ) starts chang Furthermore , in the imaging device according to the first ing of the electric potential of a ramp signal . Moreover , the exemplary embodiment , an example in which each control ending point of AD conversion is timing at which the ramp line of the vertical scanning circuit 110 is connected to a 
plurality of columns in a single , common row has been signal generation unit ( not illustrated ) ends changing of the 
described . As another example , each control line of the 35 electric potential of a ramp signal . 
vertical scanning circuit 110 can be connected to a plurality Even in the second exemplary embodiment , similarly to 
of rows of a single column . In this case , with respect to a the first exemplary embodiment , with respect to a plurality 
plurality of sets arranged in a plurality of rows of one of sets arranged in a plurality of columns of one row , a 
column , a control line used for transferring the signal control line used for transferring the signal RES1_1 and a 
RES1_1 and a control line used for transferring the signal 40 control line used for transferring the signal RES1_2 are 
RES1_2 are arranged as a plurality of control lines . Then , arranged as a plurality of control lines . Then , the control line 
the control line used for transferring the signal RES1_1 is used for transferring the signal RES1_1 is connected to 
connected to connection portions ( transistors 150 ) of some connection portions ( transistors 150 ) of some sets of the 
sets of the plurality of sets . Then , the control line used for plurality of sets . Then , the control line used for transferring 
transferring the signal RES1_2 can be connected to connec- 45 the signal RES1_2 is connected to connection portions 
tion portions ( transistors 150 ) of the other sets of the ( transistors 150 ) of the other sets of the plurality of sets . This 
plurality of sets . enables preventing or reducing a kickback noise caused by 

An imaging device according to a second exemplary a change of the comparison result signal ( signal Cout ) output 
embodiment is described with a focus on differences from from the differential stage 25 of a set from being transmitted 
those in the first exemplary embodiment . 50 to the differential stage 25 of another set . With this , the 

The imaging device according to the above first exem imaging device according to the second exemplary embodi 
plary embodiment performs a rolling shutter operation . The ment has an advantageous effect of preventing or reducing 
imaging device according to the second exemplary embodi a decrease in AD conversion accuracy caused by the kick 
ment performs a global shutter operation , in which starting back noise . 
points and ending points of electric charge accumulation 55 An imaging device according to a third exemplary 
periods of pixels 100 in a plurality of columns in a plurality embodiment is described with a focus on differences from 
of rows are made uniform with each other . those in the first exemplary embodiment . 

The configuration of the imaging device according to the FIG . 6 is a diagram illustrating a configuration of an 
second exemplary embodiment can be set to be the same as imaging device according to the third exemplary embodi 
in the first exemplary embodiment . 60 ment . The imaging device according to the third exemplary 

FIG . 5 is a timing chart illustrating an operation of the embodiment outputs a signal RESn and a signal RESBn to 
imaging device according to the second exemplary embodi pixels 100 in a plurality of columns of one row . Then , the 
ment . pixels 100 in the plurality of columns are connected to a 

The vertical scanning circuit 110 sets signals OFG1 to control line used for transferring the signal RESn in com 
OFG4 , which are supplied to pixels 100 in a plurality of 65 mon . Moreover , the pixels 100 in the plurality of columns 
columns in a plurality of rows , at high level at time t1 and are connected to a control line used for transferring the 
then sets the signals OFG1 to OFG4 at low level . This causes signal RESBn in common . 
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FIG . 7 is a circuit diagram illustrating circuits of pixels The imaging device according to the fourth exemplary 
100 and signal processing circuits 105 in the imaging device embodiment has a configuration which switches a capaci 
illustrated in FIG . 6 . tance connected to the input node of the input transistor 160 

The pixel 100 in the third exemplary embodiment between the capacitance of the floating diffusion portion 145 
includes a transistor 270. One main node of the transistor 5 and a composite capacitance composed of the capacitance of 
270 is connected to the control line used for transferring the the floating diffusion portion 145 and an additional capaci 

tance . signal RESn , and the other main node of the transistor 270 
is connected to a node of the ground potential , which is a The control line used for transferring the signal FDINCn 
predetermined electric potential . The control line used for is connected to a transistor 280. When the signal FDINCn is 
transferring the signal RESBn is connected to the input node 10 at high level , the transistor 280 is turned on . In this case , electric charges accumulated by the photoelectric conver of the transistor 270 . sion portion 130 are transferred to the floating diffusion The imaging device according to the third exemplary portion 145 and an inversion layer is formed below the input embodiment includes a transistor 150 , which serves as a first node of the transistor 280. Thus , the inversion layer formed transistor , having a node connected to the main node of the 15 below the input node of the transistor 280 causes an increase input transistor 160 and the current mirror circuit portion 30 in the capacitance value of the capacitance connected to the 
and a node connected to the input node of the input transistor input node of the input transistor 160. Accordingly , it can be 160. Additionally , the imaging device according to the third said that the transistor 280 is an additional capacitance 
exemplary embodiment includes the transistor 270 , which connected to the input node of the input transistor 160 . 
serves as a second transistor , connected to the transistor 150 20 To perform resetting of the floating diffusion portion 145 , 
serving as the first transistor . The transistor 270 is a tran both the signal RESn and the signal FDINCn are set at high 
sistor which connects the input node of the transistor 150 level . 
serving as the first transistor and a node of the ground The signal level of the signal FDINCn is able to be 
potential , which is a predetermined node . changed , for example , in each frame or in each row . The 

The signal RESBn is a signal opposite in phase to the 25 “ frame ” here corresponds to one image generated using a 
signal RESn . More specifically , when the signal RESn is at signal from the imaging device . Typically , a period from a 
high level , the signal RESBn is at low level . When the signal time when the vertical scanning circuit 110 selects a prede 
RESn is at low level , the signal RESBn is at high level . termined row to a time when the vertical scanning circuit 

The operation of the imaging device according to the third 110 re - selects the predetermined row is a period correspond 
exemplary embodiment can be set to be the rolling shutter 30 ing to one frame . In a case where changing is performed in 
operation illustrated in FIG . 4 or the global shutter operation each frame , a result of image capturing in a frame can be 
illustrated in FIG . 5. As mentioned above , the signal RESBn used as a basis to determine the signal level of the signal 
is a signal opposite in phase to the signal RESn . FDINCn in the next frame . More specifically , in a frame , 
During a period in which the AD conversion portion is image capturing is performed with the signal FDINCn set at 

performing AD conversion ( the electric potential of the ramp 35 low level . In a case where , as a result of such image 
signal is changing monotonously ) , the signal RESn is at low capturing , it has been detected that the floating diffusion 
level . Furthermore , this low level is assumed to be the portion 145 has accumulated the amount of electric charge 
ground potential in the third exemplary embodiment . In a which reaches saturation or is close to saturation , in the next 
case where the signal RESn is at low level , the signal RESBn frame , the signal FDINCn is set at high level . Conversely , 
is at high level . Therefore , the control line used for trans- 40 when the signal TXn is set at high level in a frame , image 
ferring the signal RESn is connected to the node of the capturing can be performed with the signal FDINCn set at 
ground potential via the transistor 270 of each pixel 100 . high level . In this case , in case where , as a result of image 
With this , in the control line used for transferring the signal capturing , the signal level of light data falls below a thresh 
RESn , an impedance to the node of the ground potential old value , in the next frame , the signal FDINCn is set at low 
becomes small . Accordingly , even if a kickback noise 45 level when the signal TXn is set at high level . This operation 
caused by a change in signal level of the signal Cout output can be performed not only in the case of the rolling shutter 
from a differential stage 25 is superposed on the control line operation illustrated in FIG . 4 but also in the case of the 
used for transferring the signal RESn via the transistor 150 , global shutter operation illustrated in FIG . 5 . 
a variation of the electric potential of the control line caused Moreover , in a case where the signal level of the signal 
by the kickback noise is prevented or reduced . Then , the 50 FDINCn is changed in each row , the rolling shutter opera 
electric potential of the control line can be statically set to tion illustrated in FIG . 4 is preferable . This operation refers 
the ground potential in a rapid manner . Therefore , it is to a signal of light data in a pixel row from which acquisition 
possible to prevent or reduce a kickback noise caused by a of light data is performed prior to transition of the signal 
change in signal level of the signal Cout output from a RES for the pixels 100 in the n - th row from high level to low 
differential stage 25 from being transmitted to another 55 level . In a case where this light data is larger than a 
differential stage 25 . predetermined threshold value , the signal FDINCn for the 
An imaging device according to a fourth exemplary pixels 100 in the n - th row is kept at high level even after the 

embodiment is described with a focus on differences from signal RESn transitions from high level to low level . 
those in the third exemplary embodiment . In a case where the signal FDINCn is set at low level , the 

FIG . 8 is a diagram illustrating a configuration of an 60 transistor 280 has an effect of preventing or reducing a 
imaging device according to the fourth exemplary embodi kickback noise output from a differential stage 25 from 
ment . The vertical scanning circuit 110 in the fourth exem being transmitted to another differential stage 25. Suppose 
plary embodiment outputs a signal FDINCn to the pixels that a kickback noise output from a differential stage 25 is 
100 . transmitted to a control line used for transferring the signal 

FIG . 9 is a circuit diagram illustrating circuits of pixels 65 RESn . However , since the transistor 280 is provided in an 
100 and signal processing circuits 105 in the imaging device electrical pathway between the transistor 150 and the float 
illustrated in FIG . 8 . ing diffusion portion 145 , a variation of the electric potential 
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of the control line used for transferring the signal RESn is FIG . 12 is a circuit diagram illustrating circuits of the 
unlikely to be transmitted to the floating diffusion portion imaging device according to the fifth exemplary embodi 
145. Therefore , in a case where the signal FDINCn is set at ment . The operation of the imaging device can be configured 
low level , the transistor 280 has an effect of preventing or to be the same as in the fourth exemplary embodiment . 
reducing a kickback noise output from a differential stage 255 In the fifth exemplary embodiment , reducing a kickback 
from being transmitted to another differential stage 25 . noise output from the differential stage 25 can be performed 
Moreover , in a case where the signal FDINCn is set at low by setting the signal FDINCn at high level . More specifi 

level , an operation for reading out electric charges of the cally , the capacitance of the transistor 280 is added to the 
photoelectric conversion portion 130 is performed with the floating diffusion portion 145 as a capacitance connected to 
capacitance of the input node of the input transistor 160 set the input node of the input transistor 160. Suppose that a 
smaller ( in other words , to higher sensitivity ) than in a case kickback noise output from the differential stage 25 is 
where the signal FDINCn is at high level . In this case , when transmitted to the floating diffusion portion 145 via one of or 
the kickback noise is transmitted to the floating diffusion both the transistor 160 and the transistor 150. In a case where 
portion 145 , an electric potential variation caused by the the signal FDINCn is at high level , the capacitance of the 
noise also becomes larger than in a case where the signal input node of the input transistor 160 has become larger as 
FDINCn is at high level . Therefore , this decreases the the transistor 280 is connected to the input node of the input 
signal - to - noise ( S / N ) ratio of light data . The imaging device transistor 160. Therefore , a variation of the electric potential 
according to the fourth exemplary embodiment has an of the input node of the input transistor 160 can be prevented 
advantageous effect of , in such a higher sensitivity state , 20 or reduced . With this , the imaging device according to the 
preventing or reducing a kickback noise from being trans fifth exemplary embodiment has an advantageous effect of 
mitted to the floating diffusion portion 145. With this , the preventing or reducing a decrease in AD conversion accu 
imaging device according to the fourth exemplary embodi racy caused by the kickback noise . 
ment is able to improve the S / N ratio of light data in the Furthermore , the form of the additional capacitance in the 
higher sensitivity state , so that a higher - sensitivity imaging 25 fifth exemplary embodiment is not limited to the example 
device can be attained . illustrated in FIG . 12. For example , as illustrated in FIG . 13 , 

The imaging device according to the fourth exemplary the transistor 280 can be provided in an electrical pathway 
embodiment includes a transistor 150 , which serves as a first between the transistor 150 and the floating diffusion portion 
transistor , having a node connected to the main node of the 145. Even in this example , the same advantageous effect as 
input transistor 160 and the current mirror circuit portion 30 30 that in the imaging device according to the fifth exemplary 
and a node connected to the input node of the input transistor embodiment can be attained . 
160. Additionally , the imaging device according to the An imaging device according to a sixth exemplary 
fourth exemplary embodiment includes the transistor 280 , embodiment is described with a focus on differences from 
which serves as a second transistor , connected to the tran those in the first exemplary embodiment . 
sistor 150 serving as the first transistor . The transistor 280 is 35 In the imaging device according to the above first exem 
a transistor which connects the input node of the transistor plary embodiment , some sets of a plurality of sets are 
150 serving as the first transistor and the floating diffusion connected to a control line used for transferring a signal 
portion 145 , which is a predetermined node . RESn_1 and the other sets of the plurality of sets are 

Furthermore , an example of the additional capacitance is connected to a control line used for transferring a signal 
not limited to the example illustrated in FIG . 9 . 40 RESn_2 . In the imaging device according to the sixth 
As another example , as illustrated in FIG . 10 , a transistor exemplary embodiment , some sets of a plurality of sets are 

290 connected in series to the transistor 280 and the tran connected to a control line used for transferring a signal 
sistor 150 can be provided . In this case , the capacitance TXn_1 and the other sets of the plurality of sets are 
value connected to the input node of the input transistor 160 connected to a control line used for transferring the signal 
can be set to three types . Specifically , the three types include 45 TXn_2 . 
( 1 ) the floating diffusion portion 145 , ( 2 ) the floating diffu FIG . 14 is a block diagram illustrating a configuration of 
sion portion 145 + the transistor 280 , and ( 3 ) the floating the imaging device according to the sixth exemplary 
diffusion portion 145 + the transistor 280 + the transistor 290 . embodiment . Each of the signal TXn_1 and the signal 
Moreover , as another example , as illustrated in FIG . 11 , TXn_2 is arranged over a plurality of columns in one row . 

transistor 290 connected to the transistor 150 in parallel with 50 A control line used for transferring the signal TXn_1 is 
the transistor 280 can be provided . In this case , the capaci connected to some pixels 100 and a control line used for 
tance value connected to the input node of the input tran transferring the signal TXn_2 is connected to the other 
sistor 160 can be set to three types . Specifically , the three pixels 100 . 
types include ( 1 ) the floating diffusion portion 145 , ( 2 ) the FIG . 15 is a circuit diagram illustrating circuits of the 
floating diffusion portion 145 + the transistor 280 , and ( 3 ) the 55 imaging device according to the sixth exemplary embodi 
floating diffusion portion 145 + the transistor 280 + the tran ment . 
sistor 290 . The signal TX1_1 is connected to the transistor 140 

An imaging device according to a fifth exemplary included in some sets . The signal TX1_2 is connected to the 
embodiment is described with a focus on differences from transistor 140 included in the other sets . 
those in the fourth exemplary embodiment . In a case where the transistors 140 included in sets in a 

In the above fourth exemplary embodiment , the transistor plurality of columns in one row are connected to one control 
280 , which is an additional capacitance , is provided in an line used for transferring a signal TXn , a kickback noise 
electrical pathway between the transistor 150 and the float generated at a differential stage 25 is transmitted to the 
ing diffusion portion 145. In the imaging device according control line used for transferring the signal TXn via the 
to the fifth exemplary embodiment , the transistor 280 is 65 transistor 150 , the floating diffusion portion 145 , and the 
connected to the floating diffusion portion 145 in parallel transistor 140. The kickback noise transmitted to the control 
with the transistor 150 . line used for transferring the signal TXn causes a variation 

a 
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of the electric potential of the floating diffusion portion 145 which serves as a second transistor , connected to the tran 
via the transistor 140 of another set . sistor 150 serving as the first transistor . The transistor 270 is 

On the other hand , in the sixth exemplary embodiment , a transistor which connects the input node of the transistor 
among a plurality of sets arranged in a plurality of columns 150 serving as the first transistor and a predetermined node . 
in one row , some sets are connected to the control line used 5 The signal TXBn is a signal opposite in phase to the signal 
for transferring the signal TXn1_1 , and the other sets are TXn . More specifically , when the signal TXn is at high level , 
connected to the control line used for transferring the signal the signal TXBn is at low level . When the signal TXn is at 
TXn1_2 . low level , the signal TXBn is at high level . 

In the sixth exemplary embodiment , a connection portion The operation of the imaging device according to the 
connected to the input node and a predetermined node is the 10 seventh exemplary embodiment can be set to be the rolling 
transistor 140. The predetermined node as used herein is the shutter operation illustrated in FIG . 4 or the global shutter 
node of the photoelectric conversion portion 130 . operation illustrated in FIG . 5. As mentioned above , the 

This enables preventing or reducing a kickback noise signal TXBn is a signal opposite in phase to the signal TXn . 
generated at a differential stage 25 from being transmitted to During a period in which the AD conversion portion is 
another differential stage 25 via the control line used for 15 performing AD conversion ( the electric potential of the ramp 
transferring the signal TXn . signal is changing monotonously ) , the signal TXn is at low 

As described above , in the imaging device according to level . Furthermore , this low level is assumed to be the 
the sixth exemplary embodiment , with respect to a plurality ground potential in the seventh exemplary embodiment . In 
of sets arranged in a plurality of columns in one row , a a case where the signal TXn is at low level , the signal TXBn 
control line used for transferring the signal TXn_1 and a 20 is at high level . Therefore , the control line used for trans 
control line used for transferring the signal TXn_2 are ferring the signal TXn is connected to the node of a 
arranged as a plurality of control lines . Then , the control line predetermined potential ( typically , the ground potential ) via 
used for transferring the signal TXn_1 is connected to the transistor 270 of each pixel 100. With this , in the control 
connection portions ( transistors 140 ) of some sets of the line used for transferring the signal TXn , an impedance to 
plurality of sets . Then , the control line used for transferring 25 the node of the predetermined potential becomes small . 
the signal TXn_2 is connected to connection portions ( tran Accordingly , even if a kickback noise caused by a change in 
sistors 140 ) of the other sets of the plurality of sets . This signal level of the signal Cout output from a differential 
enables preventing or reducing a kickback noise caused by stage 25 is superposed on the control line used for transfer 
a change of the comparison result signal ( signal Cout ) output ring the signal TXn via the transistor 150 , a variation of the 
from the differential stage 25 of a set from being transmitted 30 electric potential of the control line caused by the kickback 
to the differential stage 25 of another set . With this , the noise is prevented or reduced . Then , the electric potential of 
imaging device according to the sixth exemplary embodi the control line can be statically set to the ground potential 
ment has an advantageous effect of preventing or reducing in a rapid manner . Therefo it is possible to prevent or 
a decrease in AD conversion accuracy caused by the kick reduce a kickback noise caused by a change in signal level 
back noise . 35 of the signal Cout output from a differential stage 25 from 

An imaging device according to a seventh exemplary being transmitted to another differential stage 25 . 
embodiment is described with a focus on differences from Furthermore , in the above - described embodiments , an 
those in the sixth exemplary embodiment . example in which a plurality of control lines used for 

FIG . 16 is a diagram illustrating a configuration of an transferring signals which are output by the vertical scan 
imaging device according to the seventh exemplary embodi- 40 ning circuit 110 extends in the same direction has been 
ment . The imaging device according to the seventh exem described . Each exemplary embodiment in the present speci 
plary embodiment outputs a signal TXn and a signal TXBn fication is not limited to this example . For example , as 
to pixels 100 in a plurality of columns in one row . Then , the illustrated in FIG . 18 , control lines used for transferring 
pixels 100 in the plurality of columns are connected to a signals RESn can be arranged in a plurality of rows in one 
control line used for transferring the signal TXn in common . 45 column , and control lines used for transferring the other 
Moreover , the pixels 100 in the plurality of columns are signals can be arranged in a plurality of columns in one row . 
connected to a control line used for transferring the signal FIG . 19 is a block diagram illustrating a configuration of 
TXBn in common . an imaging system 500 according to an eighth exemplary 

FIG . 17 is a circuit diagram illustrating circuits of pixels embodiment . The imaging system 500 according to the 
100 and signal processing circuits 105 in the imaging device 50 eighth exemplary embodiment includes an imaging device 
illustrated in FIG . 16 . 2000 to which the configuration of one of the imaging 

The pixel 100 in the seventh exemplary embodiment devices described in the respective above - described exem 
includes a transistor 270 illustrated in FIG . 17. One main plary embodiments is applied . Specific examples of the 
node of the transistor 270 is connected to the control line imaging system 500 include a digital still camera , a digital 
used for transferring the signal TXn , and the other main node 55 camcorder , and a monitoring camera . FIG . 19 illustrates a 
of the transistor 270 is connected to a node of a predeter configuration example of a digital still camera to which the 
mined electric potential . The predetermined electric poten configuration of one of the imaging devices described in the 
tial can be set to be the ground potential . Moreover , the respective above - described exemplary embodiments is 
control line used for transferring the signal TXBn is con applied as the imaging device 2000 . 
nected to the input node of the transistor 270 . The imaging system 500 illustrated in FIG . 19 as an 

The imaging device according to the seventh exemplary example includes the imaging device 2000 , a lens 5020 , 
embodiment includes a transistor 150 , which serves as a first which focuses an optical image of a subject on the imaging 
transistor , having a node connected to the main node of the device 2000 , a diaphragm 504 , which varies the amount of 
input transistor 160 and the current mirror circuit portion 30 light passing through the lens 5020 , and a barrier 506 , which 
and a node connected to the input node of the input transistor 65 protects the lens 5020. The lens 5020 and the diaphragm 504 
160. Additionally , the imaging device according to the constitute an optical system which collects light onto the 
seventh exemplary embodiment includes the transistor 270 , imaging device 2000 . 
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The imaging system 500 further includes a signal pro subject focused by the optical system 714 into an electrical 
cessing unit 5080 , which performs processing on an output signal . The imaging device 702 is one of the imaging devices 
signal output from the imaging device 2000. The signal in the above - described exemplary embodiments . The image 
processing unit 5080 performs an operation of signal pro preprocessing unit 715 performs predetermined signal pro 
cessing for performing various correction and compression 5 cessing on a signal output from the imaging device 702. The 
operations on the input signal as appropriate and then function of the image preprocessing unit 715 can be incor 
outputting the processed signal . The signal processing unit porated in the imaging device 702. The imaging system 701 
5080 can include the function of performing AD conversion includes at least two sets each including the optical system 
processing on the output signal output from the imaging 714 , the imaging device 702 , and the image preprocessing 
device 2000. In this case , the inside of the imaging device 10 unit 715 , and outputs from the image preprocessing units 
2000 does not necessarily need to include an AD conversion 715 of the respective sets are input to the integrated circuit 
circuit . 703 . 

The imaging system 500 further includes a buffer memory The integrated circuit 703 , which is an integrated circuit 
unit 510 , which temporarily stores image data , and an directed to an imaging system , includes an image processing 
external interface unit ( external I / F unit ) 512 , which per- 15 unit 704 , which includes a memory 705 , an optical distance 
forms communication with , for example , an external com measurement unit 706 , a parallax calculation unit 707 , an 
puter . Moreover , the imaging system 500 further includes a object identification unit 708 , and an abnormality detection 
recording medium 514 , such as a semiconductor memory , unit 709. The image processing unit 704 performs image 
which is used to record or read out captured image data , and processing , such as development processing or defect cor 
a recording medium control interface unit ( recording 20 rection , on output signals from the image preprocessing 
medium control I / F unit ) 516 , which is used to perform units 715. The memory 705 temporarily stores a captured 
recording or reading - out on the recording medium 514 . image and stores defect positions of image capturing pixels . 
Furthermore , the recording medium 514 can be incorporated The optical distance measurement unit 706 performs focus 
in the imaging system 500 or can be configured to be ing on a subject or distance measurement . The parallax 
attachable to and detachable from the imaging system 500. 25 calculation unit 707 performs calculation of a parallax ( a 

Additionally , the imaging system 500 further includes an phase difference of parallax images ) from a plurality of 
overall control and calculation unit 518 , which not only pieces of image data acquired from a plurality of imaging 
performs various calculations but also controls the entire devices 702. The object identification unit 708 performs 
digital still camera , and a timing generation unit 520 , which identification of a subject , such as a car , a road , a sign , or a 
outputs various timing signals to the imaging device 2000 30 person . The abnormality detection unit 709 issues a warning 
and the signal processing unit 5080. Here , the timing signals to a main control unit 713 when detecting an abnormality in 
can be input from an outside source , and the imaging system the imaging device 702 . 
500 only needs to include at least the imaging device 2000 The integrated circuit 703 can be implemented by hard 
and the signal processing unit 5080 , which processes an ware designed in a dedicated manner or can be implemented 
output signal output from the imaging device 2000. The 35 by a software module . Moreover , the integrated circuit 703 
overall control and calculation unit 518 and the timing can be implemented by , for example , a field programmable 
generation unit 520 can be configured to perform a part or gate array ( FPGA ) or an application specific integrated 
the whole of a control function for the imaging device 2000 . circuit ( ASIC ) . The integrated circuit 703 can also be 

The imaging device 2000 outputs an image signal to the implemented by a combination of those . 
signal processing unit 5080. The signal processing unit 5080 40 The main control unit 713 comprehensively controls 
performs predetermined processing on the image signal operations of , for example , the imaging system 701 , vehicle 
output from the imaging device 2000 and then outputs image sensors 710 , and control units 720. Furthermore , a method 
data . Moreover , the signal processing unit 5080 generates an in which , without the main control unit 713 being included , 
image using the image signal . the imaging system 701 , the vehicle sensors 710 , and the 

Configuring an imaging system with use of an imaging 45 control units 720 individually have communication inter 
device corresponding to the imaging device according to faces and separately perform transmission and reception of 
each of the above - described exemplary embodiments control signals via a communication network ( for example , 
enables implementing an imaging system capable of acquir a Controller Area Network ( CAN ) standard ) can also be 
ing a higher - quality image . employed . 
An imaging system and a moving body according to a 50 The integrated circuit 703 has the function of receiving 

ninth exemplary embodiment are described with reference to control signals from the main control unit 713 and trans 
FIGS . 20A and 20B and FIG . 21 . mitting control signals or setting values to the imaging 
FIGS . 20A and 20B are schematic diagrams illustrating devices 702 via a control unit thereof . For example , the 

respective configuration examples of the imaging system integrated circuit 703 transmits , for example , settings for 
and the moving body according to the ninth exemplary 55 pulse - driving a voltage switch ( not illustrated ) included in 
embodiment . FIG . 21 is a flowchart illustrating an operation the imaging device 702 or settings for switching the voltage 
of the imaging system according to the ninth exemplary switch ( not illustrated ) in each frame . 
embodiment . The imaging system 701 is connected to the vehicle 

The ninth exemplary embodiment is directed to an sensors 710 and is able to detect running conditions of the 
example of an imaging system concerning a vehicle- 60 own vehicle itself , such as vehicle speed , yaw rate , and 
mounted camera . FIG . 20A illustrates examples of a vehicle steering angle , an environment outside the own vehicle , and 
system and an imaging system mounted in the vehicle states of other cars or obstacles . The vehicle sensors 710 also 
system . The imaging system 701 includes imaging devices serve as a distance information acquisition unit which 
702 , image preprocessing units 715 , an integrated circuit acquires distance information from a parallax image to a 
703 , and optical systems 714. The optical system 714 65 target object . Moreover , the imaging system 701 is con 
focuses an optical image of a subject on the imaging device nected to a driving support control unit 711 , which performs 
702. The imaging device 702 converts an optical image of a various driving support operations , such as self - steering , 



5 

US 10,687,009 B2 
17 18 

automatic cruise , and anti - collision function . Particularly , Next , in step S840 , the imaging system 701 determines 
with regard to a collision determination function , the driving whether the expected output value of the failure detection 
support control unit 711 predicts collision or determines the pixel and the actual output value of the failure detection 
presence or absence of collision with other cars or obstacles pixel are coincident with each other . 
based on a result of detection performed by the imaging If , as a result of determination of coincidence in step 
system 701 or the vehicle sensors 710. With this , avoidance S840 , it is determined that the expected output value and the 
control in a case where collision is predicted or starting of actual output value are coincident with each other ( YES in 
a safety device at the time of collision is performed . step S840 ) , the processing proceeds to step S850 , in which 
Moreover , the imaging system 701 is also connected to a the imaging system 701 determines that the image capturing 

warning device 712 , which issues a warning to a driver 10 operation is being performed in a normal way , and , then , the 
based on a result of determination performed by the collision processing proceeds to step S860 . In step S860 , the imaging 
determination unit . For example , in a case where the prob system 701 transmits pixel signals in the scanning row to the 
ability of collision is high as a result of determination memory 705 and temporarily stores the pixel signals therein . 

After that , the processing returns to step S820 , in which the performed by the collision determination unit , the main 15 imaging system 701 continues the failure detection opera control unit 713 performs vehicle control to avoid collision tion . and reduce damage by , for example , applying brakes , return On the other hand , if , as a result of determination of ing the accelerator pedal , or decreasing engine power . The coincidence in step S840 , it is determined that the expected 
warning device 712 issues a warning to the user by sounding output value and the actual output value are not coincident 
an alarm such as sound , displaying alarm information on the 20 with each other ( NO in step S840 ) , the processing proceeds 
display unit screen of , for example , a car navigation system to step S870 . In step S870 , the imaging system 701 deter 
or a meter panel , or applying a vibration to a seat belt or a mines that the image capturing operation has an abnormality 
steering wheel . and then issues a warning to the main control unit 713 or the 

In the ninth exemplary embodiment , the imaging system warning device 712. The warning device 712 causes the 
701 captures an image of the surroundings of a vehicle , such 25 display unit to display detection of the abnormality . After 
as an image in front of or behind the vehicle . FIG . 20B that , in step S880 , the imaging system 701 stops the imaging 
illustrates an example of the arrangement of the imaging device 702 , thus ending the failure detection operation . 
system 701 in a case where the imaging system 701 captures Furthermore , while , in the ninth exemplary embodiment , 
an image in front of the vehicle . an example in which the flowchart is looped in every row 
Two imaging devices 702 are located at a front portion of 30 has been described , the flowchart can be looped in every 

the vehicle 700. Specifically , when a center line relative to plurality of rows , or the failure detection operation can be 
the forward and backward movement orientation or the outer performed in every frame . 
shape ( for example , the vehicle width ) of the vehicle 700 is Furthermore , the issuance of a warning in step S870 can 
regarded as the axis of symmetry , locating two imaging be configured to be communicated to the outside of the 
devices 702 line - symmetrically with respect to the axis of 35 vehicle via a wireless network . 
symmetry is favorable in acquiring distance information Moreover , while , in the ninth exemplary embodiment , 
between the vehicle 700 and a target object or determining control for avoiding collision with other vehicles has been 
collision probability . Moreover , it is favorable that the described , the ninth exemplary embodiment can also be 
imaging devices 702 are located at positions which do not applied to , for example , control for performing automatic 
hinder the viewing field of a driver when the driver views the 40 driving while following another vehicle or control for per 
situation of the outside of the vehicle 700 from the driver's forming automatic driving while avoiding drifting from the 
seat . It is favorable that the warning device 712 is located at lane . Additionally , the imaging system 701 is not only 
a position which is likely to come in the viewing field of the applied to a vehicle such as an automobile but also can be 
driver . applied to , for example , a moving body ( moving apparatus ) , 
Next , a failure detection operation of the imaging device 45 such as a boat or ship , aircraft , or an industrial robot . 

702 in the imaging system 701 is described with reference Besides , the imaging system 701 is not only applied to a 
to FIG . 21. The failure detection operation of the imaging moving body but also can be extensively applied to equip 
device 702 is performed according to steps S810 to 880 ment utilizing object recognition , such as an intelligent 
illustrated in FIG . 21 . transportation system ( ITS ) . 

Step S810 is a step of performing setting at the time of 50 
start - up of the imaging device 702. More specifically , the Modification Examples 
imaging system 701 transmits settings for an operation of 
the imaging device 702 from an external source of the The present invention is not limited to the above - de 
imaging system 701 ( for example , the main control unit 713 ) scribed exemplary embodiments but can be modified in 
or from the inside of the imaging system 701 , and starts an 55 various manners . 
image capturing operation and a failure detection operation For example , an example in which some configurations of 
of the imaging device 702 . any one of the exemplary embodiments are added to another 
Next , in step S820 , the imaging system 701 acquires pixel exemplary embodiment or an example in which some con 

signals from effective pixels . Moreover , in step S830 , the figurations of any one of the exemplary embodiments are 
imaging system 701 acquires an output value from a failure 60 replaced by some configurations of another exemplary 
detection pixel provided for failure detection . The failure embodiment is also an exemplary embodiment of the present 
detection pixel is also provided with a photoelectric con invention . 
version portion as with the effective pixels . A predetermined Moreover , the above - described exemplary embodiments 
voltage is written into the photoelectric conversion portion . merely represent specific examples in implementing the 
The failure detection pixel outputs a signal corresponding to 65 present invention , and these examples are not intended to 
the voltage written in the photoelectric conversion portion . cause the technical scope of the present invention to be 
Furthermore , step S820 and step S830 can be transposed . interpreted in a limited way . Thus , the present invention can 
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be embodied in various manners without departing from the 2. The imaging device according to claim 1 , 
technical idea of the present invention or the principal wherein the predetermined node is a node connected to 
features thereof . the photoelectric conversion portion , and 

According to the present invention , an imaging device wherein the connection portion is a transistor having one 
with a decrease in AD conversion accuracy prevented or main node connected to the predetermined node and 
reduced can be provided . another main node connected to the input node . 

While the present invention has been described with 3. The imaging device according to claim 1 , 
reference to exemplary embodiments , it is to be understood wherein the differential stage further includes a current 
that the invention is not limited to the disclosed exemplary mirror circuit portion connected to a main node of the 

input transistor , embodiments . The scope of the following claims is to be 10 
accorded the broadest interpretation so as to encompass all wherein the predetermined node is a node at which the 

main node and the current mirror circuit portion are such modifications and equivalent structures and functions . connected to each other , and This application claims the benefit of Japanese Patent wherein the connection portion is a transistor having one Application No. 2018-022402 filed Feb. 9 , 2018 , which is main node connected to the predetermined node and hereby incorporated by reference herein in its entirety . another main node connected to the input node . 
What is claimed is : 4. An imaging system comprising the imaging device 
1. An imaging device comprising a plurality of sets , each according to claim 1 , and a signal processing unit configured 

set including a photoelectric conversion portion , a floating to process a signal output by the imaging device . 
diffusion portion connected to the photoelectric conversion 5. A moving body comprising the imaging device accord 
portion , and a differential stage , ing to claim 1 , wherein the moving body further comprises 

wherein the differential stage includes an input transistor a control unit configured to control movement of the moving 
having an input node connected to the floating diffusion body . 

6. The imaging device according to claim 1 , wherein the portion , 
wherein each of the plurality of sets includes a connection plurality of sets is arranged in one row and a plurality of 

columns . portion connected to the input node and a predeter 
mined node , 7. The imaging device according to claim 6 , further 

wherein a first control line is connected to the connection comprising a plurality of groups each including the plurality 
of sets , wherein the plurality of groups are arranged in a portions of some sets of the plurality of sets , and 

wherein a second control line is connected to the connec plurality of rows . 
tion portions of the other sets of the plurality of sets . 
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